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ABSTRACT 
 
The study aimed to assess land cover in the Blue Nile State using remote sensing 
and GIS techniques. The main objectives of the study were to assess the Land Cover 
Classification System and the object-oriented methods in estimating the land cover changes 
and in assessing the encroachment of rainfed agriculture on the forest lands and grazing 
areas, during the period 1984-2010. The results showed that there was an increase in the 
agriculture area at the expense of the forest lands and grazing areas, with 51% of the forest 
area under crop production in 2010. Based on the research findings, a land use model was 
proposed to support planning and to be used as a basis for updating the national land use 
and investment maps of the study area. 
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INTRODUCTION 
 
In recent decades, the use of remote sensing data has proved to be efficient for 
monitoring the earth surface. In particular, land cover (LC) maps are essential information 
not only for the analysis of global or local changes but also make possible the studies of 
geosphere-biosphere-atmosphere interactions, which depend on reliable and precise 
definition of the existing terrestrial vegetation. In fact, vegetation characteristics have a 
significant impact on surface water or energy exchanges. Land-cover maps are increasingly 
used to define guidelines for environmental action, and thus they are used as a powerful tool 
for natural disasters (flood, forest fires, etc.) risk management. Given the size of satellite 
data, automatic classification techniques are required to produce LC maps. 
In Sudan, information regarding forest resources is probably the most scarce and yet 
most vital resource. In such a situation, modern remote sensing techniques have an 
important role to play. The main objective of this research was to assess the LC changes and 
estimate the forested areas in the Blue Nile state. Specific objectives were: (i) to assess the 
LC  classification  system (LCCS) and oriented object method to estimates the changes 
U. of K.  Graduate College and Scientific Research.  The 5th Annual Conference - Agricultural and Veterinary Research - February 2014, Khartoum, Sudan, 
Conference Proceedings – Volume Three 
 
 
 
645 
during the period between 1984 and 2010, (ii) to assess the encroachment  of rain fed  
agriculture  on the forest and grazing areas and (iii) to use  the oriented object method on a 
wide scale provided that the research gives satisfactory and encouraging results. 
MATERIALS AND METHODS 
Materials:  
1. Imagery used and date of acquisition: (i) Landsat Enhanced Thematic Mapper plus 
(ETM+) and Spot-4 data constitutes the base data layer for the LC map and (ii) Six "system 
corrected" Landsat ETM+ and 12 Spot-4 scenes. The acquisition dates of those scenes range 
between 2004, 2006 and 2010 
2. Ancillary data: this included LC identification performed with the legend of the Sudan 
AFRICOVER project (2002), the digital map of woodland forest inventory and demand 
survey (1984), plot data from the Canadian International Development Agency (CIDA 
1984) and ground truth data (field survey 2010). 
Methods 
1. The study used the LCCS of the FAO andUNEP LC classification to categorize mapped 
natural vegetation. 
2. Segmentation, the image was segmented to create meaningful objects. It is possible to get 
image objects similar to those in the visual interpretation technique by applying the correct 
scale factor. The quality of the segmentation is crucial to the subsequent classification;  
manual processing could be required to ensure accurate image objects (Lewis, 2005 & 
2006). 
The shape of segmented image objects was determined by the following parameters 
(Definiens, 2007): weight of image channels, scale parameter is the most important factor to 
control the object, and color and shape. 
3.  Information extraction is the process that aggregates and correlates information of 
spectral classes. The study utilized segmentation and visual interpretation techniques to 
develop the LC map. 
Proposed model for land use in Blue Nile State 
According to Bonham-Carter (1994) a GIS model can be thought of as the process 
of combining a set of input maps with a function to produce an output. Output map = ƒ (2 or 
more input maps), based on observations of data or some blend of theory and empiricism. In 
the process to develop the proposal land use model use was made of the agricultural 
investment map (1995), pastorals route (1990) and forest cover (2010). The proposed model 
adopted the concept of modeling using basic GIS functions in an attempt to solve the 
problem of forest resource in the future. 
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RESULTS 
 
1. The land cover change in the area for agriculture throughout the state: 
The result of the change in LC analysis shows significant changes in the LC in the study 
area at 2002, 2006 and 2010 in the entire Blue Nile State. Figure 1 and table 1 show 
comparisons of agricultural LC in 2002, 2006 and 2010. They show significant changes in 
the agricultural sector. Figure 2 shows the geographical distribution of agricultural area in 
the whole state during the period 2002-2010. 
 
2. The Land cover change of forest and shrub for the whole State 
Fig. 3 and table 2 show forest and shrub LC in 2002, 2006 and 2010. It is clear that there are 
changes which took place in forest and shrub area. Fig. 4 shows the geographical 
distribution of forest and shrub area in the whole state during the above mentioned period. 
 
3. The change of area of agriculture south 12
o
 N during 1974-2010 
From fig. 5 and table 3 it is obvious that the agricultural land expanded during the period 
1974-2010 at the expense of other LC types (forests, shrub land and grass land). Fig. 6 
shows the geographical distribution of agriculture area in the period 1974-2010 south 12
o
 N. 
 
 
Fig. 1. Change in area of agriculture in Blue Nile State for the period 2002-2010 
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Table 1. Difference of agricultural area for whole State 
Cover 
Area (ha) for whole State  
2002 2010 Difference Percentage change 
Agriculture 1,064,226.86 2,251,478.52 (+)1,187,251.66 
(+) 111.565 
 
 
gricultural area 2002                        Agricultural area 2006                                   
           
Agricultural area 2010 
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Fig. 2. Area of agriculture in Blue Nile State for 2002, 2006 and 2010 
Source: Compiled by the author 
 
Fig. 3. Forest and shrub area in whole State 
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Table 2. Difference of forest cover for whole State 
Cover   
Area (ha) for whole State  
2002 2010 Difference Percentages of decrease 
Forest 2,705,650.869 1,473,873.683 (-)1,231,777.18 
45.53% 
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                                                      Fig. 4. Forest area in 2002, 2006 and 2010 
                                                       Source: Compiled by the author
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Fig. 5. Agriculture cover change for the period 1974-2010 south 12
o 
north 
 
Table 3. Difference of LC type south 12
o
 north 
 Cover 
Area (ha) south 12
o
 north (SIDA) 
 
 
 1974  2010  Difference Percentages  
Agriculture 103,357.98 2,137,284.55 (+)2,033,926.56 1967.85% 
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               Fig. 6. Area of agriculture in 1974, 1984, 2002, 2006 and 2010 south 12
o
 N 
   Source: Compiled by the author 
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4. The LC change concerning forest and shrub (South 12
o
 N) during the period 1974-2010 
A combination of images and aerial surveys were done in an area where most of the 
changes occurred. Fig. 7 and fig. 8, respectively, show that the forest and shrub areas south 12
o
 N 
decreased during the period from1974 to 2010. Table 4 shows the difference in the wooded area 
in 1974 to 2010. It is clear that over 60% of the original LC (forest area and pastoral lands) has 
been removed for the sake of agricultural expansion. Fig. 9 shows the geographical distribution 
of forests in the time span mentioned above. 
 
DISCUSSION 
  To analyze and understand the obvious change in the LC in the Blue Nile State, a 
comprehensive study was carried out using satellite images and LC classification system. The 
object-based approach used in this study proved to be very effective for classification of high 
resolution multispectral imagery in LC. The accuracies of the classification maps for the 
different periods were consistently high relative to many other methods. The most interesting 
fact is that the rate of change for the different time periods is quite consistent. There are changes 
in area for the classes of forest and agriculture through time; however, a big change in aerial 
extent has been noticed after comparing results. In all other classes, changes have been noticed 
but in some cases changes are too large that they can be generalized as “damage”. As, for 
instance, change in natural areas for the period 1974-2010. The study showed that a tremendous 
change is taking place in Blue Nile state in recent decades. As has been reviewed in the previous 
chapter, the result of the study drew notice to the increase in cultivated areas. In 2002 the 
cultivated area covered 1,064.226 hectares, while in 2010 the areas increased to about 2,251,478 
hectares at an of increase of 112% or about 5.4% to 7.2% per year. 
The study also showed a noticeable decrease in forest area in the state. Deforestation in 
the period from 2002 to 2010 increased by 1,231,777 hectares (fig. 3), and that is equivalent to 
45% of the forest area in the State, which means that the region is losing about 5.7% of its forest 
area every year.  
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Fig. 7. Forest areas south latitude 12
o 
in 1974, 1984, 2002, 2006 and 2010 
 
Fig. 8. Shrub areas south latitude 12
o 
in 1974, 1984, 2002, 2006 and 2010 
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Table 4. Difference of forest cover south 12
o
N 
 Cover 
Area (ha) south 12
o
 north (SIDA) 
 
 
 1974  2010  Difference  % of decrease 
forest 3,441,864.12 1,324,462.794 (-)2,117,401.32 61.52% 
 
 
 
                                                     
Fig. 9. Forest area in 1974, 1984, 2002, 2006 and 2010 
Source: Compiled by the author
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From figure 5 it is obvious that the agricultural land increased tremendously between 
1974 and 2010. From 103,358 hectares in 1974 to 2,137,285 hectares in 2010, meaning 
that the cultivated area increased by 1968% at the expense of forests and pastures. This is 
a clear evidence of the great change that took place in this region during this period. 
Forests and pastures decreased from an area of 3,441,864 hectares in 1974 to 1,324,462 
hectares in 2010 amounting to a decrease of 61.5%.  This indicates the absence of a clear 
technical vision towards the natural resources protection and maintenance, despite the 
fact that the Blue Nile State is among the most important areas of natural forests and its 
forests are under management plans. Figure 9 is the output maps of the analysis process. 
They show the geographical distribution of the forests in the area between 1974 and 
2010. 
 
 Proposed model for land use in Blue Nile State 
The land use model was developed to suggest future forest developments in the land use 
of the study area based on the current status of the resources (agriculture, forest and 
range) and their use. The model (fig.10) propose that agricultural activity be stopped 
south latitude 10
o45꜠'N with pastorals route, forest cover 2010 and some of subsistent 
farms for the local people as future land use , i.e. agricultural activities be confined to 
Northern part of the area where set and criteria support this proposal (range, forest, 
population…etc). South lat.10o 45꜠' pastoral route (rangeland) and reforestation plan 
(forest) should be the types of land use allowed. 
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   Fig. 10. Proposed model for land use in Blue Nile State 
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CONCLUSIONS 
Despite many factors controlling the selection of suitable LC change approach from 
wide ranging methods, the approach used in the present study proved very effective to 
fulfill the objectives with successful implementation. To support this viewpoint, the 
following conclusions are drawn as observed from the analysis of the results: 
a) The classification result clearly shows that employing satellite images was very 
helpful in extracting LC change using the LC classification system (LCCS).  
b) LC change in the study area is determined using the remote sensing data and the 
adopted techniques of the object oriented (OO) approach.  
c)  This study has examined the LC change in agriculture and forest area in the Blue 
Nile State.It has shown that among LCs analysis, agriculture cover increased 
through the time period (1974-2010).It has also shown that agriculture 
encroachment and illegal felling of trees have contributed to the decrease of the 
forest and shrub areas.  
d)  The findings also support the conclusion that great changes in the area extent 
south of 12
o
N through new investment in agriculture can have significant impacts 
on the future of forestry, pastoral and traditional agriculture activities. 
e) In addition to supporting earlier research, this study reveals geographic specific 
insights about LC impacts on forest quality on semi-arid deforestation in the 
northern States. 
 
RECOMMENDATIONS 
 
Based on the above findings the following recommendations can be made:  
1. Reduction of the area allotted to agricultural investment projects in order to increase 
the percentage of forest coverage and grazing; leaving space to traditional 
subsistence agriculture taking into consideration that the Blue Nile State will 
receive a large number of the returnees who have left their villages and their 
agricultural- pastoral activities under the conditions of the civil war. 
2. The proposed model for land use considers latitude 10
o
45
'
 to be the southern limit of 
agricultural investment projects and allocates the area south of this line to 
pastoral, forestry and subsistence agriculture of traditional nature. 
3. The agriculture policies must be directed towards vertical and not horizontal 
expansion. 
4. Enactment of the Forest Act of 2002 to establish shelter belts in the rain-fed 
agricultural projects. The total area according to the percentage stipulated in the 
act can be concentrated in plots of reasonable area to facilitate the management 
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and protection, guided by the experience of Gedaref State area in the 
establishment of the protective belts. 
5. The use of satellite images with higher spatial and spectral resolution in the future can 
improve the classification accuracy. 
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